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The invention concerns a process and a device for the de- 
tection of microscopically small objects, particularly for 
the detection of the presence and/or for the measurement of 
the location and/or the change in location of the objects, 
for example in fluidic microsystems. The microscopically 
small objects are particularly synthetic or biological par- 
ticles which are manipulated in a fluidic microsystem. The 
invention also concerns uses of the process and/or the de- 
vice, particularly for object detection depending on me- 
chanical, electrical, or chemical interactions of the ob- 
jects with their environment or other objects. 

Using fluidic microsystems for particle-specific manipula- 
tion of microscopically small objects under the effect of 
hydrodynamic and/or electrical forces is generally known. 
The manipulation of biological particles in microsystems 
with high frequency electric fields on the basis of nega- 
tive dielectrophoresis is, for example, described by G. 
Fuhr et al. in "Naturwissenschaf ten" , vol. 81, 1994, p. 528 
et seq. . The manipulation of the objects comprises, among 
other things, sorting according to specific characteris- 
tics, alteration of the object under the effect of electri- 
cal fields (e.g. cell poration) , chemical treatment, mutual 
bringing together and interaction of the objects and simi- 
lar actions. The provision of predetermined hydrodynamic 
and/or electrical forces is performed through the design of 
the channel structure of the microsystem and/or the geomet- 
ric shapes of microelectrodes for forming high frequency 
electric fields and their control. 



The previously known microsystems do allow monitoring of 
the object manipulation occurring with optical means, e.g. 




using a microscope with a camera. This optical monitoring 
has, however, been restricted until now to visual examina- 
tions or the use of costly image recognition processes for 
processing the camera image. The image processing processes 
are, however, significantly too slow for the object speeds 
which arise, if real-time monitoring is to be practiced. 
Therefore, until now the implementation of automatic system 
controls, in which, for example, specific process varia- 
tions occur depending on location, movement state, or num- 
ber of objects observed, has been excluded. 



A process for movement detection of microscopic objects 
which perform an at least partially periodic movement is 
-jj known from PCT/EP97 /07218 . This process is based on the use 

of a Fourier analysis of a detector signal which character- 
izes the object movement over multiple movement periods. 
*J3 This process represents a significant simplification rela- 

tive to the use of computer-aided image processing proc- 
» esses, but it is restricted to applications with periodic 

movements. In general, however, non-periodic movements or 
rest conditions of the objects also occur in a microsystem, 
the detection of which, particularly for automatic control 
of a microsystem, is also of interest. 
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Detecting the presence of small particles in suspensions on 
the basis of scattered light measurements is also known. 
However, this principle can only be realized with multiple 
particles, and can therefore not be particle-specific. In 
addition, no information on the movement state of particles 
(location, speed, or similar parameters) can be derived. 



It is the object of the invention to indicate an improved 
process for object detection which can be used in any de- 
sired movement or rest state of the objects to be detected 
and which allows rapid and reliable signal evaluation. The 
object of the invention is also to indicate devices for im- 



plementing such a process and new applications of the ob- 
ject detection according to the invention. 

These objects are achieved by a process and device with 
features according to the claims 1 and 10, respectively. 
Advantageous embodiments and applications of the invention 
arise from the dependent claims. 

The invention is based on the idea of imaging the loca- 
tional area (movement path or position) of the object to be 
detected enlarged on a mask which is set up in at least one 
segment for transmitting (reflection or transmission) of 
the light from one part of the locational area (so-called 
section) and otherwise for suppressing of transmission out- 
side the segment. The at least one light-transmitting seg- 
ment of the mask has a characteristic dimension which is 
smaller than the image of the entire object or the lateral 
extension of the movement path of the object. The quanti- 
ties of light of the object image transmitted by the mask 
are summarily imaged on a detector device, at which a de- 
tector signal is generated having a predetermined relation- 
ship with the quantity of light detected and allowing an 
evaluation in regard to the presence of the object, its po- 
sition, and/or the temporal change of the position. The 
quantity of light detected by the detector device is modu- 
lated in a characteristic way by the masked image of a sec- 
tion of the object and/or of the object path. The time de- 
pendence of the detector signal, particularly the temporal 
position of signal maxima, the amplitudes of the signal 
maxima, and the temporal amplitude shape in the vicinity of 
the signal maxima provides information not only on the lo- 
cation and the speed of the objects, but also on derived 
dimensions such as the frequency of periodic movements, 
quantitative information on particle numbers, movement di- 
rection, centering in the microsystems, or similar dimen- 
sions . 
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One subject of the invention is therefore particularly ob- 
ject detection on the basis of a diaphragma measurement 
principle, in which a summary detection of the quantities 
of light coming out of a section of the object or the ob- 
ject path occurs. Correspondingly, the partial object imag- 
ing can, in principle, occur on a diaphragma (screen) with 
suitable dimension. In the simplest case, the mask consists 
of an element opaque to light with a round or angular open- 
ing which is suitably dimensioned for realization of the 
partial image of the object to be detected according to the 
invention . 



However, corresponding to preferred embodiments of the in- 
to 

43 vention, the mask has a segmentation with a predetermined 

geometry. The at least one segment for transmission of the 
yjj light of the partial image has a geometric shape which is 

iS selected, depending on the application, according to the 

m respective object movements (e.g. translation, rotation, 

m translational vibration, rotational vibration, or similar 

Bs movements) expected at the measurement point. 

i y 

According to the invention, an enlarged image of the loca- 
M; tional area of the objects to be detected (e.g. in a micro- 
system) is preferably provided on the mask. For this pur- 
pose, the segmentation of the mask, which is set up for 
transmission of the light from a partial image, can be ab- 
solutely larger than the section or part of the object con- 
cerned. This is advantageous for the production and justi- 
fication of the mask. 



Preferred applications of object detection according to the 
invention are provided in fluidic microsystems, particu- 
larly in automatic regulation of system functions, in di- 
electric single particle spectroscopy, and in the examina- 
tion of interactions between objects and other objects 
and/or substrates. Objects detected according to the inven- 
tion have a characteristic diameter in the range below 500 
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\im clown to the 100 nm range and comprise synthetic or bio- 
logical particles (or particle aggregates) . The synthetic 
particles are, for example, membrane-enclosed formations, 
such as liposomes or vesicles, or plastic particles (so- 
called beads) . The biological particles are biological 
cells or cell aggregates or cell components, microorgan- 
isms, viruses, or similar objects. 

One subject of the invention is also a device for implemen- 
tation of object detection according to the invention, com- 
prising an optical imaging unit for imaging a part of an 
object to be detected (or of its path) via a mask on a de- 
tector unit, which generates a detector signal in a spe- 

Q 

cific relationship with the quantity of light detected, and 
2 an evaluation unit for determining characteristics of the 

movement or rest state of the object. The imaging unit con- 
•J3 tains, in particular, the mask, on which the object or its 

^ movement path is imaged in enlarged form and which only 

a transmits a section of the image to the detector unit. Ac- 

cording to a preferred embodiment of the invention, which 
is explained in detail below, the mask is a screen with a 
^ predetermined transmission geometry. The invention is, how- 

2 ever, not restricted to this design, but can also be imple- 

mented with other mask designs which are set up to fulfill 
the same function as the transmitting screen. Instead of a 
transparent segment in an opaque mask material, an opaque 
segment (with the same geometry as the previously mentioned 
transparent segment) can be used as the mask in an other- 
wise transparent environment. Correspondingly, a reflection 
principle can be realized instead of the transmission prin- 
ciple . 

The imaging unit is preferably part of a microscope ar- 
rangement, which is known per se, containing the mask for 
generating the partial image in the beam path. In this way, 
visual object observation can occur simultaneously with ob- 
ject detection. The combination with the microscope ar- 



rangement is, however, not urgently necessary. Particularly 
for automatic applications, the imaging unit can be pro- 
vided directly in a microsystem. 



The invention has the following advantages- The object de- 
tection according to the invention does not require imaging 
processing processes which are costly in measurement and 
time. It allows highly precise measurement with imaging and 
measurement units which are available per se. An existing 
microscope assembly can be set up for object detection ac- 
cording to the invention simply by attaching the mask men- 
tioned. The mask segmentation according to the invention 
allows object detection without a large amount of adjust- 
ment. The object detection can be automated easily. Par- 
ticular advantages result in the combination of mask-based 
detection with dielectric single particle spectroscopy for 
highly precise determination of dielectric particle charac- 
teristics from the movement characteristics of the parti- 
cles in high frequency electric fields. Through the use of 
predetermined mask types, a device according to the inven- 
tion can be adjusted without problems for the detection of 
greatly varying types of movement, without having to resort 
to image processing methods or having to perform a modifi- 
cation of the system. It is sufficient for a detector unit 
to contain one single detector whose measurement signals 
can be serially processed. This allows processing in real 
time, which is particularly significant for switching and 
sorting applications in microsystems. 



A further advantage of the invention arises from the geo- 
metric mask structuring. In contrast to the typical "pin- 
hole" measurement principle, the mask segments are designed 
as smaller than the image of the entire object, but, unlike 
apertures (as they are known in, for example, confocal mi- 
croscopy) , are implemented as planar. In this way, in- 
creased functional reliability is achieved, even with de- 
viations of the objects from the expected movement paths 
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which occur in practice. The mask segmentation allows for 
compensation of tolerances as the object moves. 

Further characteristics and advantages of the invention are 
described in the following with reference to the attached 
drawings. These show: 

Figs. 1A, IB a schematic perspective view of a micro- 
electrode arrangement for illustration of 
the detection principle according to the 
invention in the example of a first mask 
shape, 

Figs. 2 to 12, schematic top views of microelectrode ar- 
rangements for illustration of further mask 
shapes, with characteristic traces of the 
detector signals being illustrated in the 
lower part of the figures, 

Figs. 13A, 13B to 15 schematic perspective views of micro- 
electrode arrangements for illustration of 
the investigation of interactions between a 
test object and a substrate or another ob- 
ject, 

Figs. 16 to 18 schematic perspective views of microelec- 
trode arrangements for illustration of a 
force or field measurement in the microsys- 
tem, and 

Fig. 19 a block diagram of an exemplary embodiment 

of the detector unit according to the in- 
vention . 



The invention will be described in the following with the 
example of fluidic microsystems for the manipulation of 
synthetic or biological particles. The realization of the 



invention is not bound to specific particle types. However, 
it is necessary for specific applications that the parti- 
cles have a surface structure which can be imaged (e.g. 
structures on biological cells) . If this is not initially 
present, however, the particles can also be provided with 
structuring (e.g. with a fluorescence marking). The micro- 
systems have a channel structure with typical transverse 
dimensions in the pm range and typical lengthwise dimen- 
sions in the mm range. Microelectrodes having predetermined 
electrode shapes and arrangements, which are set up to have 
high frequency voltages (frequencies in the kHz to MHz 
range, amplitudes in the mV to V range) applied to them in 
order to subject the particles flowing or resting in a sus- 
pension in the channels to electric fields, are affixed to 
the channel walls. Under the effect of the electric fields, 
a predetermined force is exercised on the particles on the 
basis of negative or positive dielectrophoresis . Further 
particulars of these fluidic microsystems are known per se 
and are therefore not described in the following. Further- 
more, it is to be emphasized that the invention is not re- 
stricted to fluidic microsystems, but can also be realized 
in other applications in which individual objects, particu- 
larly microscopically small objects, are to be detected, 
specifically in regard to their presence, their position, 
and their speed. 

Fig. 1A shows a schematic perspective view of a section of 
a microsystem with a channel 50, with only the channel bot- 
tom 51 and the channel cover 52 illustrated, which, for ex- 
ample, can have a particle suspension flow through it (from 
the front to the rear in the illustration) . The electrode 
arrangement 4 0 is an octopole arrangement, with four micro- 
electrodes 41 on the channel bottom 51 and four microelec- 
trodes 42 on the channel cover 52. A rotating electrical 
field (rotational field) is generated with the electrode 
arrangement 40 in a way a which is known per se, with the 
particle 10 being held in its center in the focus 61 of a 
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trapping laser 60. The trapping laser 60 is part of a so- 
called optical tweezer (or laser tweezer) , as it is known 
per se. 

At least one wall of the channel 50 (e.g. the channel cover 
52) is optically transparent. An imaging unit according to 
the invention is provided, on the side of the transparent 
channel wall having a thickness less than or equal to 
250 ]im f which is intended for imaging a section 80 of the 
locational area of the particle 10 (in this case the center 
of the electrode arrangement 40) on a detector unit. The 
essential element of the imaging unit, which is otherwise 
not illustrated, is the mask 20 in the form of an essen- 
tially flat screen with a predetermined geometric transmis- 
sion shape. In the example illustrated, the transmission 
shape is in the form of crossing strips. The strips form 
the segments 30 of the mask 20. In general, the segments of 
the mask according to the invention are preferably posi- 
tioned flat or two-dimensionally in order to obtain the in- 
formation on the location of the particles and/or the 
changes in location. 

The locational area of the particle 10, and therefore also 
the section 80 and/or a part of the section 10, are imaged 
with optical elements (not shown) on the plane of the mask 
20. The mask 20 transmits a part of the light forming the 
image of the particle 10 to the detector (also not shown) . 
If the location of the particle 10 in the microsystem 
changes, the light summarily captured at the detector by 
the mask 20 will be modulated in correspondence with the 
particle structures currently imaged on the mask plane. The 
particle structures comprise, for example, lighter and 
darker regions of the particle image. During movement of 
the particle, the mask 20, which is fixed relative to the 
microsystem, transmits a larger or smaller quantity of 
light to the detector depending on the image brightness im- 
aged on the segments. 



The image of the particle on the mask plane is an enlarged 
image. The enlargement factor is selected depending on the 
application and is, for example, approximately 10 to 20, 
e.g. 15, in microsystem - microscope combinations. Charac- 
teristic dimensions of the segments 30 of the mask are in 
the range of approximately 100 pm (strip length) . 

A corresponding arrangement is illustrated in top view in 
Fig. IB. For dielectric single particle spectroscopy, the 
rotation of the particle 10 is to be detected depending on 
the amplitude and/or frequency of the rotational field. In- 
formation on the dielectric characteristics of the particle 
10 can be determined from its angular velocity. The rota- 
tional field can rotate continuously or (as shown) have a 
running direction change, so that vibrations in the parti- 
cle states 11a, lib on both sides of a central position re- 
sult. The section 80 covered with the cross corresponding 
to the mask shape is imaged via the mask. The light trans- 
mitted by the mask is modulated according to the vibrations 
mentioned. The vibration frequency can thus be inferred di- 
rectly from the detector signal and supplied for evalua- 
tion . 

Fig. 2 illustrates an application of the invention with a 
modified mask design. It is emphasized that the masks are 
not illustrated in each of the illustrations of the figures 
2 to 12. In any case, each of the sections of the loca- 
tional area of the particles to be detected, from which 
light is transmitted by the mask, are indicated. The corre- 
sponding mask segments have the same geometric shape, but 
are implemented larger than the sections shown due to the 
enlarged image introduced. The mask is structured in such a 
way that the light from the section 80 of the microsystem 
with or without the particle 10 is transmitted to the de- 
tector unit. 



The design according to Fig. 2 serves for object detection 
for measuring dielectrophoretic characteristics of the par- 
ticle 10. The particle 10 is inside a microelectrode ar- 
rangement 40, with only the electrodes 41 on the channel 
bottom 51 shown schematically. This electrode arrangement 
can in turn have four electrodes added on the channel cover 
to become an octopole. Other multiple electrode arrange- 
ments are also possible. At frequencies of the electrode 
voltages, which are selected depending on the application, 
the particle 10 is moved at various speeds by repulsion 
and/or attraction between the electrodes, depending on the 
external conductivity and the dielectric particle charac- 
teristics. This movement occurs periodically, for example. 
The particle runs, depending on its vibrational frequency, 
along the directions indicated with arrows (or in other di- 
rections as well) through the section 80, which corresponds 
exactly with the transmission geometry of the mask. The de- 
tector signal (arbitrary units) is thus modulated depending 
on frequency, as is indicated in the lower part of Fig. 2. 
The signal trace Dl corresponds to a specific frequency and 
a slow movement of the particle 10 between the electrodes 
41. The signal trace D2 shows the same frequency, but a 
smaller width of the maxima of the detector signal. This 
corresponds to an increased movement speed of the particle 
10 (and an increased displacement) . 

Fig. 3 illustrates a further mask design in which the mask 
consists of four separate quadrilateral segments positioned 
in such a way that the sections 80a to 80d are imaged on 
these segments. In this way, the period the particle 10 
stays at the electrodes 41 during periodic movement can be 
measured (analogous to Fig. 2). The segments each serve as 
partial masks for object detection. The detector signal de- 
termined by the detector summarily comprises all of the 
quantities of light transmitted from all segments. In turn, 
long periods of stay (Dl) can be differentiated from short 
periods of stay (D2) according to the lower part of Fig. 3. 
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Fig. 4 illustrates object detection for the detection of 
the slightest thermal or hydrodynamic vibrations of a par- 
ticle 10 between the electrodes 41. The mask has a grid- 
shaped segment arrangement, so that the light from the sec- 
tion 80 in the microsystem is transmitted to the detector. 
The lower part of Fig. 4 illustrates the possibility of 
differentiation of stronger particle vibrations, which lead 
to high frequency noises Dl, from smaller vibrations with a 
lower noise frequency (trace D2). 

Fig. 5 illustrates an embodiment of the invention in which 
the presence of particles in an arrangement of electrodes 
in a row is investigated. The electrode arrangement 40 in 
this case consists of electrode bands 43 which are shaped 
like a triangular function. In Fig. 5, again only the elec- 
trode bands 43 on the channel bottom 51 are shown. The di- 
rection of flow in the channel is indicated by the arrow. 
The electrode bands 43 are driven in such a way that they 
form field minima at periodic intervals in which the parti- 
cles 10a to lOd are to be positioned. 

The mask consists of a group of segments whose number cor- 
responds to the number of field minima of the electrode ar- 
rangement 40. Each segment forms a square frame. The seg- 
ments of the mask are positioned in such a way that light 
from the sections 80a to 80d of the microsystem is imaged 
on the detector via the mask. Depending on the illumination 
conditions, a specific contribution to the summary detector 
signal results, upon the presence of a particle in a field 
minimum, which can assume four predetermined amplitudes in 
the sequence of four particles 10 illustrated. If, for ex- 
ample, the sequential electrode arrangement is completely 
filled with particles, the maximum amplitude is reached, 
which is illustrated in trace Dl with the solid line. In 
contrast, if all field minima are free of particles, the 
lowest amplitude results, which is shown in trace Dl with 
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dots. As an alternative to detection of the amplitude of 
the detector signal, oscillations of the amplitude can also 
be measured. This is illustrated with the trace D2 . Corre- 
spondingly, information on the stability of the particles 
in the sequential electrode arrangement can be inferred 
from this so-called variance effect. 

A modified mask design for examining the particle sequence 
is illustrated in Fig. 6. The mask consists of strip-shaped 
segments at intervals from one another which image the sec- 
tions 80a to 80h of the microsystem on the detector. The 
segment strips have alternating varying lengths and are po- 
sitioned in such a way that the longer segment strips de- 
tect the sections 80a, 80c, 80e, and 80g corresponding to 
the field minima between the electrode bands 43 and the 
shorter segment strips detect the sections 80b, 80d, 80f, 
and 80h of the microsystem. The detector signal has, in 
turn, a trace which essentially corresponds to the illus- 
tration in the lower part of Fig. 5, with, however, addi- 
tional amplitude steps corresponding to the particle detec- 
tion occurring at the locations between the field minima. 

Fig. 7 illustrates the principle of the detection of the 
movement direction according to the invention. The upper 
part of Fig. 7 is a schematic top view of a channel in 
which the channel side walls 53, 54 adjoining the channel 
bottom 51 are also illustrated. The mask has a T-shaped 
transmission geometry and is formed by two straight strip- 
shaped segments, with one longer segment aligned in the 
lengthwise channel direction (corresponding to the direc- 
tion of the arrows) and a shorter segment strip running 
perpendicular to this at the end of the longer segment 
strip. The image on the mask leads to transmission of the 
light from the T-shaped section 80 of the microsystem to 
the detector. 



The detector signal then has one of the traces illustrated 
in the lower part of Fig. 7, depending on the movement di- 
rection. The particle 10a, which moves from left to right, 
contributes first at the lengthwise strip 80a and then at 
the transverse strip 80b to the detector signal, which, 
corresponding to the trace Dl, first slowly increases as 
the particle passes through and then quickly drops after 
the particle 10a passes the transverse strip 80b. For the 
particle 10b, which moves from right to left, the reverse 
relationships result. The detector signal first increases 
quickly and then drops slowly, corresponding to the trace 
D2 . The detector signal thus has a characteristic time 
characteristic which provides information on the movement 
direction of the particle in the channel. 

A mask according to the invention can also be designed in 
such a way that differences in shape of particles in the 
microsystem can be detected. This is illustrated in Fig. 8, 
which again shows a top view of the channel with the chan- 
nel bottom 51 and the channel side walls 53, 54. Particles 
10a, 10b, and 10c, which have various geometries, move in 
the channel. 

The mask consists of two strip-shaped segments which are 
each curved into a semicircle and which touch at their 
apexes. In this way, the mask allows the transmission of 
the light coming out of the section 80 of the microsystem 
to the detector. Depending on the time characteristic of 
the detector signal, the respective particles passing by 
the section 80 can be distinguished. This is illustrated in 
the lower part of Fig. 8. 

The oblong particle 10a generates a signal trace Dl because 
the detector signal is modulated for a relatively long 
time, but only has a relatively low amplitude due to the 
small transverse extension of the particle 10a. For a round 
particle 10b, to whose shape the semicircular curvature of 



the mask segments is tailored, the trace D2 results. The 
entrance of the particle 10b into the section 80 causes a 
rapid signal increase. A corresponding situation applies 
for the case when the particle 10b leaves the section 80. 
Finally, the particle 10c (pair) leads to the signal trace 
D3, which extends over a larger time range than particle 
10b due to the greater lengthwise extension and reaches a 
higher amplitude than particle 10a due to the larger trans- 
verse extension. 

The mask shape described above with reference to Fig. 2 can 
also be used for particle counting, as is illustrated in 
Fig. 9. The mask contains two segments which are set up for 
transmission of light from the sections 80a, 80b and which 
each have the shape of a square frame. The sections 80a, 
80b are positioned in the lengthwise channel direction at a 
predetermined interval. The selection of the interval and 
the size of the sections 80a, 80b (and/or the corresponding 
mask segments) is selected depending on the particle sizes 
occurring and the flow speed in the channel. The particle 
counting can even be performed size-selectively. 

Thus, the smallest particle 10a produces the signal trace 
Dl with two separate maxima corresponding to the passage of 
the particle 10a at each of the sections 80a, 80b. For the 
medium particle 10b, the signal trace D2 results, in which 
the maxima run into one another. For a sufficiently large 
particle 10c with a characteristic size which is comparable 
with the interval of the sections 80a, 80b the signal trace 
D3 with one single maximum results. The signal traces Dl 
and D2 can additionally be used to determine the particle 
speed from the interval of the maxima. 

Fig. 10 again shows a top view of the channel with the 
channel floor 51 and the channel side walls 53, 54. In the 
channel, particles 10a, 10b move with the flowing suspen- 
sion fluid according to the direction of the arrow. The ob- 
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ject detection according to the invention is designed here 
in such a way that it is determined whether a particle 
moves in the center of the channel or more at the edge of 
the microchannel . For this purpose, the mask has two seg- 
ments made of straight, crossing strips which are posi- 
tioned in such a way that the light from the sections 80a, 
80b of the microsystem is transmitted to the detector. The 
sections 80a, 80b each extend as straight strips over the 
entire width of the channel and are curved relative to the 
transverse channel direction, so that an X-shape with the 
strips intersecting in the center of the channel results. 

^ Detection through a mask which transmits the liqht from 

m sections 80a, 80b selected in this way results in a signal 

m trace Dl with one single maximum if the particle 10b moves 

in the center of the channel or a signal trace D2 if the 
O particle 10a moves at the edge of the channel, so that each 
J' section 80a, 80b is crossed two times. 

^ A similar monitoring function is illustrated in Fig. 11, 
ify which depicts a top view of a channel with focusing elec- 

trodes 44 on the channel bottom 51. The focusing electrodes 
44 form field barriers, which the particles 10a cannot 
penetrate, when high frequency voltages are applied to 
them, so that, in combination with the force of the flow, a 
particle movement toward the center of the channel occurs. 
If one of the focusing electrodes 44 fails, particles 10b 
can pass by the electrodes except at the center. 

In order to detect this type of malfunction of the focusing 
electrodes 44, the mask is designed in such a way that par- 
ticles at the channel edge can again be distinguished from 
particles in the center of the channel. For this purpose, 
the mask has three segments, comprising two straight strip- 
shaped segments and one dot-shaped segment, which are posi- 
tioned in a straight row transverse to the lengthwise chan- 
nel direction. The segments are set up for the purpose of 
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transmitting the light from the sections 80a, 80b, and 80c 
of the microsystem to the detector. After the passage of 
each of the particles 10a through the center or the parti- 
cles 10b through the edges of the channel, the signal 
traces shown in the lower part of Fig. 11 result. The sig- 
nal trace Dl shows a high amplitude, i.e. a strong modula- 
tion of the detector signal. This indicates the particle 
10b has passed through the sections 80a or 80c and there- 
fore one or both of the focusing electrodes 44 is switched 
off or defective. In contrast, the signal trace D2 shows a 
small modulation corresponding to particle passage through 
the center of the channel. The signal corresponding to the 
signal trace D2 can in turn be used as the count signal for 
counting the particles 10b which have passed the focusing 

S9 arrangement. 
OS 

VO A mask such as that described with reference to Fig. 2 can 

also be used for checking the function of a deflection 
electrode 45. This application of the invention is illus- 
trated in Fig. 12. The deflection electrode 45 is a micro- 
electrode on the channel bottom 51 in the shape of a curved 
FU electrode strip. The deflection electrode 45, in combina- 

r? tion with a corresponding deflection electrode (not shown) 

on the channel cover, forms a curved field barrier, when 
high frequency voltages are applied to it, which the flow- 
ing particles 10a and/or 10b can pass at various distances 
from the channel side walls 53, depending on their dielec- 
tric characteristics. If the deflection electrode 45 is 
switched on, the smallest particles 10a, in which the 
smallest polarization forces are induced, can pass the 
field barrier even at the edge of the channel, while the 
larger particles 10b run further toward the center of the 
channel until the force of the flow is sufficiently large 
that passage of the field barriers is effected. If the de- 
flection electrode 45 is switched off, both large and small 
particles can flow further at the channel edge. 
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The mask has a square, frame- shaped segment which is set up 
for the purpose of transmitting the light coming out of the 
section 80 of the microsystem to the detector. If only 
small particles 10a pass by the section 80, then the signal 
trace Dl with two separate maxima occurs, corresponding to 
the passage of the small particles 10a at the two frame 
sides in the direction of flow. If the deflection electrode 
45 is switched off or defective, then larger particles are 
also detected via the mask, so that the signal trace D2 oc- 
curs, with one single, widened maximum. 

The above exemplary embodiments described with reference to 
Figs. 1 to 12 relate to particle detection in microsystems, 
known per se, with channel structures made of materials 
which are inert relative to the particles. The figs. 13 to 
15 described below show a particularly advantageous appli- 
cation of the invention in modified microsystems in which 
the interaction of the particles with the channel walls is 
not avoided, but encouraged in predetermined ways. This 
modification is illustrated in figs. 13A and 13B in analogy 
to the illustration according to Fig. 1. 

Fig. 13A shows a schematic perspective view of a section of 
a fluidic microsystem as in Fig. 1. However, in this case 
the channel bottom 51 forms a substrate for a modification 
layer 55. The modification layer 55 consists, for example, 
of a monolayer of biological cells. Again, the movement of 
the particle 10 is to be detected with object detection ac- 
cording to the invention, as described above, which occurs 
here through a frame-shaped mask 20. The particle 10 is a 
test object, which can be a biological cell or an artifi- 
cial particle with specific or nonspecific binding sites 
(molecules) . The movement of the particle 10 is influenced 
by the interaction with the modification layer 55, i.e. by 
the occurrences of adhesion which arise. 
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To determine the adhesion characteristics of the particle 
10 relative to the modification layer 55, i.e. to determine 
binding forces, binding constants, and/or the dynamics of 
cell adhesion, the particle is pressed with the aid of the 
trapping laser 60 onto the surface of the modification 
layer 55 while the rotating field of the electrode arrange- 
ment 40 induces oscillating rotations to the left or right. 
The oscillatory particle vibrations in the states 11a, lib 
are detected via the mask 20 as described above. Through 
comparison with the movement characteristics without adhe- 
sion, information on the binding forces and similar charac- 
teristics can be obtained. Other mask shapes which are dif- 
ferent from the frame mask 20 illustrated can also be used. 
Fig. 13B shows the corresponding situation in a top view. 

The modification can also be formed by one single particle 
on the channel floor 51. This situation is illustrated in 
Fig. 14. A biological cell 56 is on the channel floor 51. 
The detection of the particle movement of the particle 10 
according to the invention again occurs depending on the 
interaction with the cell 56. For sufficiently small parti- 
cles (diameter smaller than 5 pm) the surfaces of the cells 
56 can also be measured with localized resolution. There is 
also the possibility of connecting the locally resolved 
partial measurement of the interactions of the cell 56 with 
the particle 10 with a chemical stimulation of the attached 
cell 56. 



Fig. 15 shows a further modification of object detection 
for the determination of interactions of a particle with a 
modification layer on the channel floor 51. The modifica- 
tion layer consists of multiple molecular receptors 57. The 
particle 10 has ligands 12. The particle rotates as de- 
scribed above with reference to Fig. 1. It can be deter- 
mined from the particle detection whether the ligand 12 un- 
dergoes binding with the receptors 57. The particle 10 can 
itself be a biological cell or a cell component and can 



carry a receptor on its surface depending on natural condi- 
tions . 

A further application of the invention for measurement of 
forces in a microsystem is illustrated in Figs. 16 and 17. 
Analogously to Fig. 1, Fig. 16 shows a section of a micro- 
system with the channel bottom 51 and the lower microelec- 
trodes 41. The particle 10 is guided to a predetermined po- 
sition P having the coordinates (xl, yl, zl) with the trap- 
ping laser 60 and there is subjected to the rotating fields 
of the electrode arrangement. The imaging unit with the 
mask 20 is appropriately adjusted to detect the object 
movement. The angular velocity of the particle 10 measured 
at point P has a direct relationship to the field strength 
at this location (the angular velocity is proportional to 
the square of the field strength) . In this way, the elec- 
tromagnetic field in the microsystem in the x, y, and z di- 
rections can be measured with the object detection accord- 
ing to the invention using a small test particle, in that 
the test particle 10 is scan-like moved to various spatial 
positions between the microelect rodes and subjected to a 
rotation measurement. 

For this measurement, a mask design can also be provided 
with which the particle movements in the entire region be- 
tween the microelectrodes can be detected. In this case, 
the mask 20 does not have to be displaced upon adjustment 
to a new point P. 

A further mask design with two strip-shaped segments (de- 
tection slits) is used according to Fig. 17 for determina- 
tion of particle movements in the direction of the arrow. 
The movement of the particle 10 in the x direction is per- 
formed with the trapping laser (not shown) or through 
shifting the amplitudes of the high frequency voltages on 
the electrodes 41a, 41b and/or 41c, 41d. Information on di- 
electric particle characteristics, the field strength in 



the focus of the trapping laser, and the electromagnetic 
field strength can be derived from the deflection of the 
particle . 

Analogously to the techniques described in figs. 15 to 17, 
a measurement of the field strength in the trapping laser 
60 through measurement of the rotational speed of a test 
particle depending on the distance from the focus of the 
trapping laser can also be used. 

Object detection according to the invention is also usable 
for detection of particle deformations. This is illustrated 
in Fig. 18. The particle 10 is deformed by adjustment of an 
inhomogeneous high frequency electric field on the elec- 
trodes 41a, 41b and/or 41c, 41d while it is held in free 
suspension with the trapping laser. The deformation can, 
for example, lead from a round particle shape (upper part 
of Fig. 18) to an elliptical particle shape (lower part of 
Fig. 18) . With a slit mask, having two strip-shaped seg- 
ments which are set up to transmit light from the sections 
80a, 80b of the microsystem to the detector, the asymmetry 
of the particle 10 can be detected. Mechanical characteris- 
tics of the particle (e.g. biological cell) can be esti- 
mated from the deformation, which is derived from the de- 
tector signal. Depending on the application, other mask 
shapes which are adjusted to the respective asymmetries can 
also be used for examination of the deformation. 

Fig. 19 is an overview illustration of a device according 
to the invention for object detection with implementation 
of the invention on a fluidic microsystem. The fluidic mi- 
crosystem 110, which contains a suspension with at least 
one particle to be examined, is driven via a control device 
111. If the microsystem contains microelectrodes for di- 
electric particle manipulation, then the control device 111 
particularly contains a generator for driving the elec- 
trodes . 



The region of interest of the microsystem 110 is imaged via 
optical elements 121 enlarged on the structured mask 120, 
which can be adjusted in relation to the microsystem with 
an adjustment unit 122. In an integrated manner, the light' 
passing through the structured mask 120 is imaged on the 
detector 123 (e.g. photodiode) by further optical elements 
121, which possibly include a stop filter for the light of 
the trapping laser 160. The detector 123 is connected with 
an evaluation unit 124 which particularly contains a com- 
puting unit for evaluating the signal traces and a display 
unit for visual depiction of the object characteristics de- 
tected. The evaluation of the signal traces is performed in 
a way known per se, particularly in regard to the temporal 
position of the maxima, the amplitudes of the signals, and 
their phase positions. 

Fig. 19 further shows the trapping laser 160, which is con- 
trolled via a separate laser tweezers control 161. The ref- 
erence sign 200 indicates an overall control unit for syn- 
chronous operation, depending on the application, of the 
laser control 161, the control unit 111, and the adjustment 
unit 122. 

The imaging unit with the optical elements and the struc- 
tured mask 120 is preferably integrated in a microscope 
whose features are not illustrated. The trapping laser 160 
can also be directed into the microsystem 110 via the mi- 
croscope . 

In an alternative design of the device according to the in- 
vention, the structured masks are directly implemented on 
the light sensitive surface of the detector. Furthermore, 
it can be provided that the detector is not formed by a 
single photodiode, but by a CCD matrix. In this type of de- 
sign, imaging of the locational area of the particle on the 
CCD matrix and subsequent electronic masking of the matrix 
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signal through evaluation of the signals from specific im- 
age points can be performed. 
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